Background: Knowledge and understanding of basic biomedical sciences remain essential to medical practice, particularly when faced with the continual advancement of diagnostic and therapeutic modalities. Evidence suggests, however, that retention tends to atrophy across the span of an average medical course and into the early postgraduate years, as preoccupation with clinical medicine predominates. We postulated that perceived relevance demonstrated through applicability to clinical situations may assist in retention of basic science knowledge. Methods: To test this hypothesis in our own medical student cohort, we administered a paper-based 50 MCQ assessment to a sample of students from Years 2 through 5. Covariates pertaining to demographics, prior educational experience, and the perceived clinical relevance of each question were also collected. Results: A total of 232 students (Years 2-5, response rate 50%) undertook the assessment task. This sample had comparable demographic and performance characteristics to the whole medical school cohort. In general, discipline-specific and overall scores were better for students in the latter years of the course compared to those in Year 2; male students and domestic students tended to perform better than their respective counterparts in certain disciplines. In the clinical years, perceived clinical relevance was significantly and positively correlated with item performance. Conclusions: This study suggests that perceived clinical relevance is a contributing factor to the retention of basic science knowledge and behoves curriculum planners to make clinical relevance a more explicit component of applied science teaching throughout the medical course.
Background
The current paradigm of medical education has been called into question as the demands for the quality and quantity of medical graduates increases [1] . The optimal integration of basic medical sciences into undergraduate education and then, eventually, into clinical practice is one such area under scrutiny [2] .
For medical students to make competent clinical decisions based on sound scientific principles, they must be able to retain knowledge from the preclinical phase of their medical course [3] [4] [5] [6] . Evidence from published literature indicates that failure rates on certifying examinations and board certification status were significantly associated with the assessment of retained basic sciences knowledge from medical school education [7] . D'Eon [8] found a considerable knowledge loss among medical students in immunology (13%), neuro-anatomy (46.5%) and physiology (16%) on retest ten months later. He concluded that knowledge loss did not seem to be related to the marks on the final examination or the assessment of course quality by the students. Ling et al. [9] revealed dramatic decline in examinee performance in biochemistry, followed by microbiology and pharmacology during the Step 1 United States Medical Licensing Examination (USMLE) in comparison to the Step 2 USMLE. Observed gains in physiology, anatomy and pathology appeared to be related to reinforcement of material during patient care in clerkships. Harris et al. [10] concluded that when knowledge gained is not directly relevant or applicable to clinical contexts, it is lost rather quickly. They recommended that in order to prevent extensive loss of knowledge, the information given must be relevant. Perceived relevance of a subject matter facilitates knowledge retention and application, while a lack of relevance is associated with the converse of this [11] .
The Australian Medical Study (AMES) [12] in 2008 evaluated the critical educational factors contributing to the outcomes of undergraduate medical education in Australia. They reported variation across Australia in the amount, type and method of bioscience teaching and learning within medical school programs. Studies have also shown that demographic factors such as student gender, age, language background and ethnicity influence retention and academic performance [13] [14] [15] . Some studies have reported higher academic achievements by female students and more mature students in comparison to their male and younger counterparts respectively [13, 15] . However, there are inconsistent results on the relationship between these factors and academic success [14] . Furthermore, their influence on the retention of basic science knowledge needs to be further explored.
Study context
The Tasmanian School of Medicine (TSoM) has a fiveyear undergraduate entry Case-Based Learning (CBL) curriculum which includes vertical and horizontal integration of basic sciences and clinical teaching. Vertical integration of the curriculum is promoted through a thematic structure usage in all the five years of the program. Students are increasingly (from Years 1 to 5) exposed to clinical situations through CBL tutorials and clinical placements. The first two years of the course provide a systems-based introduction to the foundations of medicine, with an early opportunity to develop communication and clinical skills. In the third year of the program, students commence clinical rotations in Medicine, Surgery, Primary Care and specialty areas (Obstetrics & Gynaecology, Psychiatry and Paediatrics); whilst the final two clinical years are taught at one of three dedicated clinical schools where learning is consolidated in the context of clinical and community placements.
The value of CBL lies in exploiting the "basic human capacity to learn from stories" [16] . CBL has been acknowledged as a structured approach to collaborative learning that consolidates and integrates newly acquired knowledge and skills [17, 18] . CBL ensures the consolidation of newly acquired knowledge through its application and discussions [18, 19] . With this integrated approach, the learner is required to gather information, prioritise according to relevance or importance and filter out irrelevant information [20] . We therefore hypothesise that the demonstrated relevance and applicability of basic sciences to clinical situations will foster retention of gained knowledge. Using a cross-sectional study design, we aimed to answer the following research questions:
What are the demographic factors that influence retention of basic science knowledge? Does perceived clinical relevance of basic science materials relate to retention of knowledge?
Methods

Participants
All Years 2 to 5 medical students (approximately 120 students per class) were invited to participate in this study. Year 1 students were excluded from the study because it was considered unlikely that they would have had sufficient course time to integrate basic science into clinical contexts and make informed judgments on the clinical relevance of the assessment items. Face-to-face cohort announcements were made to encourage participation, and as an incentive, participants were given the opportunity to enter into a drawing to win an iPad. Students were assured of no adverse academic repercussions for non-participation. The study was conducted in September 2012, two (2) months prior to the students' end of year examinations. This was to avoid the confounding effect of students studying for their summative exams. Feedback on their total scores and summary statistics was provided, three (3) weeks after the exams, to participants who elected to receive it. Ethics approval for this study was obtained from the Tasmanian Social Sciences Human Research Ethics Committee [HREC project number: H0012584].
Procedure
Students were asked to complete an 80-minute paperbased examination consisting of fifty (50) A-type (single best response of five) multiple-choice questions (MCQs) from past second year written examinations in a lecture theatre setting. This formative assessment tested student knowledge on five (5) basic science disciplines with equal weightings. These were anatomy, physiology, pharmacology, pathology (including microbiology and immunology) and biochemistry. Ten (10) MCQs were used for each discipline. At the start of the examination, participants were instructed to provide demographic information including: identification number, year of study, age, gender, student origin, highest level of previous qualification, proposed future career and if they were involved in academic tutoring.
Examination questions with difficulty index of 0.3-0.8 (defined as the proportion of previous students who answered the question correctly) and discrimination index of 0.3-1.0 (the difference between the proportions of the high and low performing groups) were randomly selected from our existing validated item bank [21] using the IDEAL software package [22] . The examination questions had been pre-validated through blueprinting (the mapping of test items to the intended learning outcomes) and item analysis (statistical process that assesses the quality of test items). Due to the random selection, not all questions had clinical vignettes. The students were instructed to answer all questions to the best of their ability and then rate each question on a Likert scale of 1-5 according to their perception of its relevance to the clinical practice of medicine (with 1 = highly irrelevant and 5 = highly relevant). For the purpose of this study, clinical relevance is defined as the practical applicability of the basic science item to the hospital setting. Care was taken to explain to the participants that the standard was targeted at an intern/junior doctor level.
Statistical analyses
A power analysis [23] calculation was conducted prior to commencement of study to determine sample size. A General Linear Model (GLM) procedure in SAS [24] was utilised in computing least square means of the explanatory variables, their effect on participants' test scores as well as differences in retention of knowledge in individual disciplines. The initial model included the fixed effects of sex, gender, student origin, year of study, involvement in tutoring, highest level of previous qualification and proposed future career. Only significant factors and their two-way interactions were retained in the final model. Significant levels were set at p < 0.01. Effect sizes were calculated using partial eta-squared (η p 2 ), to determine the magnitude of statistically significant relationships. The effects were interpreted as defined by Cohen [25] : small effect ->0.01; medium effect ->0.058, and large effect ->0.137. Pearson correlation coefficients between variables were computed to establish the strength and direction of associations; and significance was tested using Bonferroni probability. To enable comparison, all scores were expressed as percentages of the correct answers in the total test and individual disciplines. In addition, for each item in the examination, a ratio using the percent score achieved by the participants divided by the average score achieved on the same item when it was administered to the 'reference group' -a cohort of Year 2 (preclinical) students, was computed. This ratio, which is a possible indicator of knowledge retention, was correlated with perceived relevance [10] . Reproducibility (Kuder-Richardson 20 -KR-20) of the test was calculated using the classical test theory as provided in IDEAL 4.1, an Item Analysis Program [26] . To ensure that participants were representative of their respective classes, their mean scores on regular in-course formative and summative examinations were compared with those of their non-participating counterparts. This was calculated using a two-tailed t test.
Results
Two hundred and thirty-two (232) students participated in this study, representing 50.0% of the Years 2-5 students. This comprised 44 Year 2 students (40.7% response rate), 71 Year 3 students (60.7%), 62 Year 4 students (50.4%) and 55 Year 5 students (47.4%). The mean age of the study group was 22.7 ± 3.38 years (range 18-49 years). The cohort comprised of 78.9% domestic (n = 183) and 21.1% international (n = 49) students and there were more females than males (56.0% (n = 130) vs 44.0% (n = 102)). Most of the participants (59.1%, n = 137) were undecided about their future specialty areas; only 22.0% of them (n = 51) were involved in tutoring and only 12.9% of them (n = 30) had previously completed a tertiary degree. In addition, comparison of participants' in-course examination results with those of their non-participating colleagues were non-significant, indicating study participants were representative of their respective cohorts (see Table 1 ).
On the whole, Year 2 students had significantly lower overall exam scores than the Years 3 and 4 but not Year 5. The mean score for the examination was 54.18% (SD = 6.13; range = 26-84%). The KR-20 reliability was 0.72 and the standard error of measurement (SEM) was 3.26. As shown in Figure 1 , significant effects (p < 0.01) were seen on mean discipline-specific and overall scores, according to year of study, gender and origin of the participants. Although Year 2 students had the least scores in all domains, the difference was only significant for biochemistry (p = 0.0002; η p 2 = 0.10), pathology (p = 0.007; η p 2 = 0.07) and the overall exam score (p = 0.009; η p 2 = 0.06) (Figure 1) . Irrespective of year of study, similar discipline-specific performance trends were observed, with each cohort obtaining lowest scores in anatomy (Figure 1.1) . As shown in Figure 1 .2, the male students outperformed the females, with significantly higher scores in anatomy (p = 0.002; η p 2 = 0.05). Domestic students had significantly higher scores than international students in biochemistry (p = 0.001; η p 2 = 0.06), pharmacology (p < 0.0001; η p 2 = 0.08) and the Table 1 Comparison of performance between participants and non-participants in previous exams overall exam scores (p = 0.0004; η p 2 = 0.07). Matureaged (>25 years) participants and those who had been involved in tutoring obtained higher scores than their counterparts respectively, but the differences were not significant (see Additional file 1). No significant differences in performances were seen for students who had previously completed a tertiary degree. Significant (p < 0.05) origin by age-group interaction effect was observed in anatomy and physiology where younger domestic students obtained higher scores than their older counterparts, while the reverse was the case for international students. Sex by age-group interaction effects were also significant (p < 0.05) for biochemistry, anatomy and overall scores where younger male students outperformed older male students. Conversely, older female students did better than the younger ones. Significant (p < 0.01) year of study by sex interactions were observed in the pathology and pharmacology scores. In pathology, Years 3 and 5 male students performed better than their female counterparts; while Figure 1 Mean student scores (± standard deviation) and level of significance (P-values) for each discipline and overall exam score. Within discipline, differences are signified by letters above columns, differing superscripts (a, b) show significant differences (P < 0.01).
in pharmacology, Years 4 and 5 males performed better than the females.
In comparison to their senior colleagues, Years 2 and 3 students gave significantly higher (p < 0.001) ratings of the clinical relevance of all the basic science subjects. In general, Year 4 students consistently gave the lowest ratings (see Figure 2) . Figure 3 depicts the correlation between perceived relevance and knowledge retention ratio for each year group. There were increasingly positive correlations between the items that were answered correctly and their perceived relevance from Years 2 to 5, implying that items that were rated as clinically relevant were more likely to be answered correctly by the senior students than by the junior students ( Figure 3) .
Discussion
This study highlights the increasingly positive correlation between perceived clinical relevance and the retention of basic science knowledge with progression to more senior years.
What are the demographic factors that influence retention of basic science knowledge?
On the whole, in our study, retention of basic science knowledge was significantly affected by year of study, gender and student origin. The marked decline in retention of basic medical sciences with increasing student seniority has been well documented in the literature [4, 7, 8] . However, we observed the opposite trend amongst our students. Interestingly, the lowest scores were attributed to the Year 2 students who, in theory, have had the most recent exposure to the basic science content material. Given the intensity and overload of medical curricula, junior students often postpone studying until just before exams [27, 28] . The fact that this study was conducted prior to students' preparation for exams may have accounted for the lower performance in Year 2 and could be a reflection of little or no engagement with the learnt content. The generally better en bloc performance of Years 3-5 students may be a reflection of on-going teaching activities and placements reinforcing the clinical application of basic science knowledge. This is supported by evidence that prolonged contact with a domain is the greatest determinant of long term retention of knowledge [29] . Longitudinal testing of individual year-cohorts may strengthen this hypothesis.
The observed gender difference in anatomy, where males performed significantly better than females echoes the findings of Snelling et al. [30] , who reported that females tend to react more adversely to cadaveric dissections. This may have reduced their level of engagement with the subject. It was also noted that generally, students performed poorly in anatomy despite the questions being similar in difficulty to those of other disciplines. It is likely that the reason for this is multifactorial in nature; one such factor may be the lower relative perceived relevance of the subject. Another reason may be that in learning anatomy, the students might have focused on memorisation at the expense of understanding [31] . Furthermore, the observed interactions Figure 2 Mean clinical relevance ratings (± standard deviation) by Year of study and level of significance (P-values) for each subject and overall exam score. Within discipline, differences are signified by letters above columns, differing superscripts (a, b, c) show significant differences (P < 0.01).
P<0.001
indicate that there are complex and intricately interwoven relationships between demographic factors and retention of basic science knowledge. Exploratory studies would be required to further investigate the reasons for these findings. International students had significantly lower scores than their domestic counterparts, particularly in biochemistry and pharmacology. This supports existing literature and suggests that international students may not be as well adjusted to the self-directed learning style that requires critical thinking and application of knowledge [32] . Better performance by students involved in tutoring, though not significant, points to the positive impact of tutoring on increased retention of information [33] .
Innovative educational interventions may be helpful to assist those student categories (such as females in anatomy and international students) who seem to have retained lesser basic science knowledge [34] [35] [36] .
Does perceived clinical relevance of basic science materials relate to retention of knowledge?
Traditionally, there has been a disparity between learnt basic sciences and clinical sciences, where complete mastery of the former was not necessarily essential to enable the latter [5] . Echoing the reports of Custers [4] , D'Eon [8] and Ling et al. [20] , our findings indicate that as students progress through their medical course, they become more critical of the clinical relevance of basic science subjects, such as biochemistry and anatomy. Allied with this finding, they tend to have least retained knowledge in these disciplines. The widely-held perception that anatomy is regarded by educationalists as a difficult subject [37] may have been the reason for the observed low performance in anatomy and the subsequent low relevance ratings in this study. This may be overcome by using contemporary educational strategies that foster the development of personal framework of understanding [35] and also emphasise the relevance and clinical application of anatomy.
In spite of the tendency to lower performance of Year 5 students in comparison to their juniors (Years 3 and 4), their ratings of the clinical relevance of the questions were better correlated with their retention of knowledge. This finding confirms that perceived relevance of a subject matter fosters retention of knowledge [10, 11] . The fact that their perception of clinical relevance was the most accurately correlated with retention of knowledge suggests that the senior students were able to make more precise judgements than junior students about the clinical relevance of basic science questions [12] . Too much of seemingly irrelevant material in a curriculum encourages surface learning [38] . Therefore, course evaluation by graduating students, which includes feedback about clinical relevance of biomedical science teaching, would be valuable. This outcomes-based approach, together with strategies to increase student awareness of clinical relevance, will further foster the integration of basic sciences with clinical sciences and enhance application and retention of acquired knowledge for lifelong learning. The reasons why clinical relevance is an important factor in promoting knowledge retention is not addressed in this study. It is likely however, that students would rate this information to be of greater significance, and thus rehearse, reinforce and use it more often. Knowledge that is not of use or clinically irrelevant becomes inert and inaccessible [39] .
Further studies could also explore the performance and perceptions of new medical graduates (PGY1). This will provide insight into whether further experience in the workplace reinforces relevant information presented early in medical school or not. In addition, inclusion of Year 1 students could serve as a useful control group for future studies. Exploratory studies could help elucidate reasons for the differences in perceptions of relevance of the different basic science subjects and possibly result in targeted educational strategies that support reinforcement and progressive retention of gained knowledge.
Limitations of the study
Generalisability of the findings from this study may be limited by several factors. Our definition of clinical relevance may have unduly constrained the participants' perception of clinical applicability, although care was taken to explain the term to the participants at the start of the assessment. Furthermore, the applicability of the results of this study may have been restricted by the use of voluntary participation and the fact that it was a low stakes examination. However, comparison of performance on regular in-course examinations indicated that participants were representative of their respective cohorts. This limitation was also mitigated by the administration of the assessment prior to students' preparation for their in-course examination. This allowed for better elucidation of retained basic science knowledge.
The study could have also benefited from the use of more items per discipline to allow for greater breadth of content within each discipline, but this would have increased the duration of the examination and possibly discouraged participants. Further, due to the random selection of validated questions within each discipline, some questions may not have had a clinical stem, which could have biased students' perception of clinical relevance. However, this is unlikely to have been skewed with respect to any particular basic science discipline.
Although we have inferred perceived clinical relevance, as measured by our survey, to have causal influence over knowledge retention of basic science items, it is conceivable that in some instances, the direction of causality may in fact be reversed. Students may declare relevance for facts that they know well or have previously rehearsed, although the degree of such rehearsal is unknown and likely to be variable. While this is worthy of further enquiry, the present study cannot address it in any more detail. Obtaining independent ratings of clinical relevance may be one way of resolving the issue.
Finally, while it could be postulated that future career aspirations may influence performance and perceptions of relevance with respect to certain basic sciences, this could not be confirmed by the study, which was likely due to the fact that the questions asked were not sufficiently rigorous to elucidate adequately interpretable responses. This should be the focus of ongoing work.
Conclusions
The results of this study suggest that a CBL curriculum can provide a platform for continued formal integration of the basic sciences with clinical sciences, although further research comparing results in CBL and non-CBL settings is required for the generalisability of our findings. Understanding the clinical relevance of basic science knowledge may directly or indirectly be an important factor in the retention of basic science knowledge and its ultimate application in the clinical context. However, a proactive reinforcement and systematic review of basic sciences in the later years of undergraduate medical education may also be needed to ensure knowledge retention.
